Growth and competitive abilities of the federally endangered Lindera melissifolia and the potentially invasive Brunnichia ovata in varying densities, hydrologic regimes, and light availabilities.
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Introduction
The Endangered Species Act of 1973 (U.S. Fish and Wildlife Service 1988) contains three principal components. First, it outlines a process for determining whether a species should be listed as threatened or endangered, and second, it provides legal protection of a listed species and its respective habitat. The third component requires development of a recovery plan. This task is generally the responsibility of biologists and/or ecologists appointed by the lead agency (e.g. U.S. Fish and Wildlife Service). The recovery plan must contain estimates of the current size and health of populations of the listed species, analyses of the causes that led to population decrease, and strategies required to promote population recovery (Foin et al. 1998) . Criteria for downlisting and/or delisting of the species are also included. Therefore, should a species meet these criteria and downlisting or delisting of the species occurs, this would be a reflection of the success of the recovery plan.
Unfortunately, the outcomes of recovery plans are often less than successful with few species having recovered to the point of downlisting (Reffalt 1988; McMillan and Wilcove 1994) . Shortcomings of recovery plans have been attributed to financial and time constraints on research (Foin et al. 1998 ) and limited availability of information for most listed species (Shemske et al. 1994) . Further, if a recovery plan includes active management, we maintain that knowledge of all species within the plant community is necessary to determine how the community as whole will respond to active management strategies. In other words, instead of focusing solely on response by the species of concern, it is also necessary to have inherent understanding of the plant community response as a whole (Jensen and Meyer 2001) . In light of this, the objectives of our study are 1) to investigate growth responses of a federally endangered plant species and a potential competitor by simulating disturbance through altered density, D r a f t hydrologic regime, and along a gradient of light availabilities, and 2) to determine if these variables will influence interspecific competitive interactions.
Lindera melissifolia (Walt.) Blume, is a federally endangered (U.S. Fish and Wildlife Service 1986), deciduous, dioecious shrub that grows in periodically flooded forests in the southeastern United States (Radford et al. 1968) . Disjunct populations are distributed throughout the Lower Mississippi Alluvial Valley (LMAV; Hawkins et al. 2009a) and Southeastern Coastal Plain (Beckley and Gramling 2013) . Although L. melissifolia plants reproduce both sexually (seeds) and asexually (rhizomes), vegetative reproduction appears to be the predominant form of successful reproduction given the lack of seedlings observed in extant populations (Wright 1994; Hawkins et al. 2010) . Ramets produced from networks of rhizomes seemingly contribute to L. melissifolia populations composed of spatially segregated unisexual colonies. Colony ratios within these populations tend to be male-biased (Hawkins et al. 2009b (Hawkins et al. 2010) . However, aboveground competition between the two species is not evident. In theory, this is due to late winter and early spring flooding which delays emergence of B. ovata (Wright 1990; Hawkins 2010) . On the other hand, given its extensive root/rhizome system (Elmore et al. 1989; Shaw and Mack 1991) , the potential for belowground competition exists.
Materials and Methods
Based on results of a prior study investigating growth and intraspecific competitive abilities of Lindera melissifolia (Hawkins et al. 2009b) , and given that male-biased colony ratios exist in naturally occurring L. melissifolia populations, male plants were used in our study. ). Plants were placed in a single circle, ~3 cm from the edge of the container, with individual plants equidistant from neighboring plants (exception is density = 1; plant was placed in the center of the container). For densities > 1, and in mixed plantings, species were alternated in the circle. Placement of plants into pots D r a f t followed an addition series design [additive series (Hassel and Comins 1976 Each addition series was placed in random sequence, in a single circle in one of 18 -1135 L aquaculture tanks. Tanks were positioned in a climate-controlled greenhouse in a randomized complete block design with three blocks of six tanks each containing an addition series (i.e. 9 pots per tank). Three replicates (one replicate per block) received one of two flooding treatments (no flooding or 21 days of flooding initiated 30 days after transplanting) and one of three light availabilities (100%, 47%, 21%,). Light availability was maintained by suspending neutral density shade cloth over and around PVC structures attached to the rim of tanks receiving the 47% and 21% light availability treatments. Tanks randomly selected to receive 100% light availability had the PVC structure attached to the rim without shade cloth. Potting medium was watered to field capacity when not flooded, and during flooding water was maintained ~2.54 cm above the medium surface. Throughout the study, diurnal temperatures were maintained at 23.0 The sum of RYs for L. melissifolia and B. ovata equal actual RYTs, and actual RYTs were compared to the expected value of 1.0.
Statistical Analyses
For plants grown in monoculture, three-way analysis of variance (ANOVA) was used to test for main effects and interactions for total plant biomass and percent biomass allocated to roots, stems, and leaves. The square root of biomass allocation percentages were arcsine transformed for analysis. One-way ANOVA was used to compare values within and between treatments and species, and Tukey's (honestly significant difference) test was used as the multiple comparison procedure (SAS Institute, Inc. 2007; α = 0.05).
Results
When grown in monoculture, total biomass accumulation in Lindera melissifolia plants was influenced independently by flooding and light availability, and the interaction of density, D r a f t flooding and light availability (Table 1) . There was no difference in plant total biomass among plant densities within the flooding treatment (Fig. 1A) . In the non-flooding treatment, L.
melissifolia plants grown at a density of one and receiving 47% light availability accumulated less total biomass than all other plants within this treatment without respect to density or light availability (Fig. 1B) . Between flooding treatments, plants grown at a density of one and receiving 21% light availability in the non-flooding treatment accumulated more total biomass than plants at densities of one and six, and receiving 21% light availability in the flooding treatment ( p < 0.05; Fig. 1A , B).
Biomass allocated to L. melissifolia roots was affected by all treatments (Table 1 ; density, flooding, light, and flooding x light). However, biomass allocated to stems was influenced only by flooding regime, and leaf biomass was influenced independently by flooding regime and light availability (Table 1) . In high density plantings (density = 6 and 9), greater biomass was allocated to leaves (p ≤ 0.0419; data not shown) and lower biomass allocated to roots (p < 0.0001; data not shown) for plants receiving flooding and 21% light availability than for those plants in non-flooded conditions and receiving 100% light availability. This translated into significantly greater aboveground biomass accumulation in flooding treatments with 21% light availability than in non-flooding treatments at all light availabilities (Table 2) . Alternatively, when grown at a density of one, aboveground to belowground biomass ratios in L. melissifolia plants were unaffected by flooding regime (Table 2) .
Total biomass in Brunnichia ovata plants grown in monoculture was influenced independently by density, flooding regime, light availability and their interactions (Table 3 ). In both flooding and non-flooding treatments, total biomass was greatest for plants grown at a density of one and receiving 100% light availability ( Fig. 2A, B) . Root biomass was influenced D r a f t independently by all variables and their interactions (exception, density x flooding; Table 3 ).
Further, aboveground to belowground ratios were higher in flooding treatments when compared with those in non-flooding treatments across densities and light availabilities (Table 2 ). These differences resulted from greater biomass allocation to leaves (p ≤ 0.0022; data not shown) and less biomass allocated to roots (p ≤ 0.0027; data not shown). We observed adventitious root formation just above the surface of the water in B. ovata plants receiving the flooding treatment. In a similar study investigating growth and competition in juvenile male and female L. melissifolia, Hawkins et al. (2009b) found density effects on plant size to be more pronounced, whereby male plants grown at a density of one and receiving a non-flooding treatment, accumulated total biomass almost three times greater than those plants grown at higher densities D r a f t and/or receiving flooding treatments (all plants received 100% light availability). However, in that study, the plant growth period (21 wk) and flooding durations (30 and 60 days) were longer.
Comparatively, this illustrates the dynamic nature of the interactions flood timing and duration, light availability, and plant density as it influences growth response in L. melissifolia.
Lindera melissifolia plants exhibited very slight plasticity in biomass allocated between aboveground tissues (stems and leaves) and belowground tissues (roots) in response to treatments, and any significant differences were observed primarily between flooding and nonflooding treatments. For example, greater biomass was allocated to aboveground tissues only at the higher density plantings in flooded conditions and lowest light availability, than those same densities at all light availabilities in the non-flooding treatment. In contrast, Lockhart et al.
(2013) described adult L. melissifolia as displaying a high level of plasticity across a light availability gradient, as well as being relatively unaffected by hydrologic regime. This suggests that functional trait responses of first-year L. melissifolia to abiotic factors may be constrained by ontogeny (Gedroc et al. 1996; Geng et al. 2007; Lockhart et al. 2012 ).
In contrast to L. melissifolia, plants of B. ovata showed a high degree of plasticity in response to flooded versus non-flooded conditions. In the two highest light availabilities and flooded conditions, B. ovata plants allocated four to seven times more biomass to aboveground tissues than those plants in non-flooded conditions. However, at the lowest light availability and in flooded conditions, aboveground biomass was reduced to only two times that of plants grown in non-flooded conditions. Further, total biomass was affected by all variables independently and through interactions, and was most pronounced when B. ovata was grown at a density of one. Given this species plasticity in biomass allocation, morphology (i.e. adventitious roots and D r a f t axillary tendrils), as well as plant size, B. ovata plants possess functional traits that promote invasiveness (Claridge and Franklin 2003; van Kleunin et al. 2010) .
Plastic responses to resource availability are often linked to competitiveness (Berendse and Elberse 1990) . However, the morphological response of B. ovata to flooded conditions and lower light availability was a proportional increase in biomass allocated to aboveground tissues resulting in lengthy vining via axillary tendrils away from flooding and toward higher light availability. In a natural environment this would allow for escape from unsuitable habitat and movement to favorable habitat, and potentially alleviate direct competition with L. melissifolia.
On the other hand, increased biomass to belowground tissues in non-flooded conditions and across all light availabilities suggests occupation of suitable habitat, and belowground competition with L. melissifolia may come into play.
Our competition study presented 18 permutations of variables, and when utilizing relative When using relative yield total (RYT) to assess interspecific interactions, competition was indicated only when L. melissifolia and B. ovata were grown in equal proportions, and in non-flooded conditions at 21% light availability. In this instance, RYT was < 1.0, and indicates mutual antagonism (Harper 1977) . The disparity between RY and RYT in identifying competition is not unusual, and the limitations of using a single index to assess competitive interactions has been the subject of past discussions (e.g. Gibson et al. 1999 
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